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FILM FOR DISPLAY DEVICE, DISPLAY
DEVICE INCLUDING THE SAME, AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2018-0002958, filed on
Jan. 9, 2018, which 1s hereby incorporated by reference for
all purposes as 1f fully set forth herein.

BACKGROUND

Field

Exemplary embodiments of the invention relate generally
to a film for a display device, a display device including the
same, and a manufacturing method thereotf, and, more
specifically, to a film for a display device that 1s bendable,
a display device including the same, and a manufacturing
method thereof.

Discussion of the Background

A flat panel display generally includes a liquid crystal
display (LCD), a plasma display panel (PDP) device, an
organic light emitting diode (OLED) device, a field eflect
display (FED), an electrophoretic display device, etc.

Recently, a display device has been developed to have
flexibility so as to be bent or folded. In order to ensure
reliability of a flexible display device, the flexible display
device should be easily bendable, and a bending region of a
display panel should be firmly supported to prevent damage
in the bending region of the display panel.

The above miformation disclosed i1n this Background
section 1s only for understanding of the background of the
inventive concepts, and, therefore, 1t may contain informa-
tion that does not constitute prior art.

SUMMARY

Display devices constructed according to exemplary
embodiments of the invention are capable of being easily
bent by including a film, which may also prevent damages
to a bending region of a display panel by providing a support
to the bending region.

Additional features of the mventive concepts will be set
forth 1n the description which follows, and 1n part will be
apparent from the description, or may be learned by practice
of the mventive concepts.

A support film for a display device to support a display
panel of the display device according to an exemplary
embodiment includes a first region having a first thickness
and a second region having a second thickness less than the
first thickness, a groove formed 1n the second region, and a
reinforcing layer formed in the groove.

Surface of the support film and the reinforcing layer may
be substantially flat.

The support film may include a plastic or metal material,
and the reinforcing layer may include a polymer or metal
material.

A plurality of the grooves may be formed in the second
region, and the reinforcing layer may be disposed 1n each of

the grooves.
The second thickness may be about %2 to 24 of the first
thickness.
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The groove and the reinforcing layer may be disposed on
at least one of both surfaces of the support film.

The groove may have a bottom surface and a lateral
surface connected to the bottom surface, and an angle
between the bottom surface and the lateral surface may be an
obtuse angle.

The groove may have a bottom surface and a lateral
surface connected to the bottom surface, and an angle
between the bottom surface and the lateral surface may be an

acute angle.

A display device according to an exemplary embodiment
includes a display panel having a bending region, and a
support film overlapping the display panel, in which the
support film 1ncludes a first region having a first thickness
and a second region having a second thickness less than the
first thickness, the second region overlaps the bending
region, the support film has a groove formed 1n the second
region, and a reinforcing layer disposed 1n the groove.

Surfaces of the support film and the reinforcing layer may
substantially flat.

The support film may include a plastic or metal matenal,
and the remnforcing layer may include a polymer or metal
material.

A plurality of the grooves may be formed 1n the second
region, and the reinforcing layer may be disposed 1n each of
the grooves.

A width of the second region may be greater than a width
of the bending region.

The second thickness may be about 4 to 24 of the first
thickness.

The groove and the reinforcing layer may be disposed on
at least one of both surfaces of the support film.

The second region may have a middle portion and side
portions interposing the middle portion, and a number of the
grooves formed 1n the middle portion may be greater than a
number of the grooves formed 1n one of the side portions.

The second region may have a middle portion and side
portions interposing the middle portion, and a number of the
grooves formed 1n each portion may be substantially the
same with each other.

A manufacturing method of a display device according to
an exemplary embodiment includes the steps of: forming a
groove 1n a lirst region of a support film; forming a rein-
forcing layer 1n the groove; and attaching the support film to
a display panel, in which the first region of the support film
has a thickness less than remaining areas of the support film
not disposed with the groove.

The groove may be formed by a pressing process using a
roller.

The groove may be formed by etching the support film.
The reinforcing layer may be formed by stacking polymer
or metal matenals.

Forming the reinforcing layer may be performed by
plating a metal matenal.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the imventive concepts.
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FIG. 1 1s a perspective view of a display device according
to an exemplary embodiment.

FIG. 2 1s a cross-sectional view illustrating a state of
which the display device of FIG. 1 1s bent.

FIG. 3 1s a perspective view of a support film of the
display device of FIG. 1.

FIG. 4 1s a cross-sectional view of a support film of the
display device of FIG. 1 according to an exemplary embodi-
ment.

FIG. 5 1s a cross-sectional view of a support film of the
display device of FIG. 1 according to another exemplary
embodiment.

FIG. 6 1s a perspective view of a display device according,
to another exemplary embodiment.

FIG. 7 1s a cross-sectional view 1illustrating a state of
which the display device of FIG. 6 1s bent.

FIG. 8 1s a cross-sectional view of a support film of the
display device of FIG. 6 according to an exemplary embodi-
ment.

FIG. 9 1s a cross-sectional view of a support film of the
display device of FIG. 6 according to another exemplary
embodiment.

FIG. 10 1s a cross-sectional view of a support film of a
display device according to another exemplary embodiment.

FIG. 11 1s a cross-sectional view of a support film of a
display device according to another exemplary embodiment.

FIG. 12 1s a cross-sectional view of a support film of a
display device according to another exemplary embodiment.

FI1G. 13 1s a perspective view of a support {ilm of a display
device according to another exemplary embodiment.

FIG. 14 1s a cross-sectional view taken along line XIV-
XIV' of a display device of FIG. 13.

FIG. 15 1s a perspective view of a support {ilm of a display
device according to another exemplary embodiment.

FIG. 16 1s a perspective view of a support {ilm of a display
device according to another exemplary embodiment.

FIG. 17, FIG. 18, and FIG. 19 are schematic views for
explaining a manufacturing method of a support film of a
display device according to an exemplary embodiment.

DETAILED DESCRIPTION

In the following description, for the purposes of expla-
nation, numerous specific details are set forth 1n order to
provide a thorough understanding of various exemplary
embodiments or implementations of implementations of the
invention. As used herein “embodiments” and “1implemen-
tations” are interchangeable words that are non-limiting
examples of devices or methods employing one or more of
the inventive concepts disclosed herein. It 1s apparent,
however, that various exemplary embodiments may be prac-
ticed without these specific details or with one or more
equivalent arrangements. In other instances, well-known
structures and devices are shown in block diagram form 1n
order to avoid unnecessarily obscuring various exemplary
embodiments. Further, various exemplary embodiments
may be different, but do not have to be exclusive. For
example, specific shapes, configurations, and characteristics
of an exemplary embodiment may be used or implemented
in another exemplary embodiment without departing from
the 1nventive concepts.

Unless otherwise specified, the illustrated exemplary
embodiments are to be understood as providing exemplary
features of varying detaill of some ways i which the
inventive concepts may be implemented 1n practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, etc.
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(hereinafter individually or collectively referred to as “ele-
ments”), ol the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

The use of cross-hatching and/or shading in the accom-
panying drawings 1s generally provided to clarity boundaries
between adjacent elements. As such, neither the presence
nor the absence of cross-hatching or shading conveys or
indicates any preference or requirement for particular mate-
rials, material properties, dimensions, proportions, common-
alities between illustrated elements, and/or any other char-
acteristic, attribute, property, etc., of the elements, unless
specified. Further, 1n the accompanying drawings, the size
and relative sizes of elements may be exaggerated for clarity
and/or descriptive purposes. When an exemplary embodi-
ment may be implemented differently, a specific process
order may be performed differently from the described order.
For example, two consecutively described processes may be
performed substantially at the same time or performed 1n an
order opposite to the described order. Also, like reference
numerals denote like elements.

When an element, such as a layer, 1s referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, 1t may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer 1s referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the D1-axis, the D2-axis, and the D3-axis are not limited to
three axes of a rectangular coordinate system, such as the x,
y, and z-axes, and may be interpreted 1n a broader sense. For
example, the D1-axis, the D2-axis, and the D3-axis may be
perpendicular to one another, or may represent diflerent
directions that are not perpendicular to one another. For the
purposes of this disclosure, “at least one of X, Y, and Z”” and
“at least one selected from the group consisting of X, Y, and
7> may be construed as X only, Y only, Z only, or any

combination of two or more of X, Y, and Z, such as, for
mstance, XYZ, XYY, YZ, and Z7. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

Although the terms “first,” “second,” etc. may be used
herein to describe various types of elements, these elements
should not be limited by these terms. These terms are used
to distinguish one element from another element. Thus, a
first element discussed below could be termed a second
clement without departing from the teachings of the disclo-
sure.

Spatially relative terms, such as “beneath,” “below,”
“under,” “lower,” “above,” “upper,” “over,” “higher,” “side”
(e.g., as 1n “sidewall”), and the like, may be used herein for
descriptive purposes, and, thereby, to describe one elements
relationship to another element(s) as illustrated 1n the draw-
ings. Spatially relative terms are intended to encompass
different orientations of an apparatus 1n use, operation,
and/or manufacture in addition to the orientation depicted 1n
the drawings. For example, if the apparatus in the drawings
1s turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above”
the other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
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ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limut-
ing. As used herein, the singular forms, “a,” “an,” and “the”
are mtended to include the plural forms as well, unless the
context clearly indicates otherwise. Moreoverj the terms
“comprises,” “‘comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It 1s also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations 1n
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

Various exemplary embodiments are described herein
with reference to sectional and/or exploded illustrations that
are schematic 1llustrations of i1dealized exemplary embodi-
ments and/or intermediate structures. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not necessarily be construed as limited to the par-
ticular 1llustrated shapes of regions, but are to include
deviations 1n shapes that result from, for instance, manufac-
turing. In this manner, regions illustrated in the drawings
may be schematic 1n nature and the shapes of these regions
may not reflect actual shapes of regions of a device and, as
such, are not necessarily intended to be limiting.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
context of the relevant art and should not be mterpreted 1n
an 1dealized or overly formal sense, unless expressly so
defined herein.

A display device according to an exemplary embodiment
will be described with reference to FIG. 1 and FIG. 2. FIG.
1 1s a perspective view of a display device according to an
exemplary embodiment, and FIG. 2 1s a cross-sectional view
illustrating a state of which the display device of FIG. 1 1s
bent.

Referring to FI1G. 1, a display device 1000 according to an
exemplary embodiment includes a display panel 100 and a
support film 200 for supporting the display panel 100.

The display device 1000 includes a bending region BA.
The display panel 100 and the support film 200 may be bent
in the bending region BA. FIG. 1 shows that the display
device 1000 includes one bending region, but the inventive
concepts are not limited thereto, and the display device may
include a plurality of bending regions.

The support film 200 1s disposed under the display panel
100 to support the display panel 100. An additional layer,
such as an adhesive layer, may be disposed between the
support film 200 and the display panel 100. In addition,
another additional layer, such as a window, may be disposed
on the display panel 100.

The support film 200 i1ncludes a first region 210 and a
second region 220. The first region 210 may have a greater
thickness than the second region 220 due to a first groove 22
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formed 1n the second region 220. As used herein, a thickness
1s measured 1n a vertical direction with respect to a bottom
surface thereof. A first remnforcing layer 230 1s disposed 1n
the first groove 22.

The first groove 22 and the remnforcing layer 230 of the
support film 200 overlap the bending region BA of the
display device 1000. A second width W2 of the second
region 220, in which the first remforcing layer 230 of the
support film 200 1s formed, 1s greater than a first width W1
of the bending region BA of the dlsplay device 1000. Since
the second width W2 of the second reglon 220 1s greater than
the first width W1 of the bending region BA of the display
device 1000, the bending process in the bending region BA
may be easily performed.

The support film 200 may be a plastic or a thin metal film,
and the first reinforcing layer 230 may be a polymer or a
metal thin film. A thickness of the first region 210 of the
support film 200 may be about 50 um or less.

Since the support film 200 1includes the second region 220,
which 1s disposed at a position overlapping the bending
region BA, and has a relatively thin thickness, the support
f1lm 200 corresponding to the bending region BA has a thin
thickness. Accordingly, 1t 1s possible to reduce the stress
applied to the support film 200 when bent. Accordingly, the
support film 200 may be bent 1n the bending region BA. In
addition, as the support film 200 includes the first reinforc-
ing layer 230 formed 1n the second region 220 to protect the
support film 200, it 1s possible to prevent the support film
200 from being damaged when the support film 200 1s bent.

Referring to FIG. 2, the display device 1000 1s bent to
have a center R of a curvature radius closer to the support
film 200 than the display panel 100. The support film 200
includes the first reinforcing layer 230 overlapping the
bending region BA, and the first reinforcing layer 230 1s
formed at both sides of the support film 200.

Accordingly, since the first groove 22 and the first rein-
forcing layer 230 are formed 1n the second region 220 of the
support film 200 overlapping the bending region BA, the
second region 220 1n the support film 200 corresponding to
the bending region BA may have a relatively small thick-
ness, which may cause the second region 220 to be easily
bent. In addition, since the first reinforcing layer 230 1s
disposed 1n the second region 220 having a small thickness
to protect the second region 220 of the support film 200, 1t
1s possible to prevent the support film 200 from being
damaged when bent, as well as firmly supporting the display
panel 100.

Heremaftter, a support film of a display device according
to an exemplary embodiment will be described 1n detail with
reference to FIG. 3 and FIG. 4. FIG. 3 1s a perspective view
of a support film of the display device of FIG. 1, and FIG.
4 1s a cross-sectional view of a support {ilm of the display
device of FIG. 1.

Retferring to FIG. 3 and FIG. 4, the support film 200
includes the first region 210 having a first thickness T1 and
the second region 220 having a relatively small second
thickness 12. The second thickness T2 may be about V2 to
about 24 of the first thickness T1. As the second thickness T2
of the second region 220 1s small, the stress applied to the
support film 200 1s decreased, thereby causing a bending
process performed easily when bent. However, when the
second thickness T2 of the second region 220 of the support
film 200 1s too small, the support film 200 may be easily
damaged in the bending region BA. As such, the second
thickness 12 of the second region 220 of the support film
200 may be about 14 to about 24 of the first thickness T1 of

the support film 200, such that the bending process in the




US 11,288,986 B2

7

bending region may be easily performed while preventing
damage to the support film 200.

The first groove 22 1s formed in the second region 220.
The second thickness T2 of the second region 220 1s less
than the first thickness T1 of the first region 210, 1n which
a groove 1s not formed, due to the first groove 22 formed 1n
the second region 220.

The first groove 22 1s formed on an entire surface of the
second region 220 of the support film 200. The first groove
22 has a bottom surface and a lateral surface forming a first
angle 01 with respect to the bottom surface, and the first
angle 01 may form an obtuse angle. For example, the first
angle 01 may be about 135 degrees or more. Since the first
angle 01 1s an obtuse angle, the first groove 22 has substan-
tially a trapezoidal shape, in which 1ts width increases from
the bottom surface towards a top surface thereof.

The first reinforcing layer 230 1s disposed 1n the first
groove 22. According to the illustrated exemplary embodi-
ment shown i1n FIG. 4, the first reinforcing layer 230 1s
tormed to fill the first groove 22, thus surfaces of the support
{1lm 200 and the first reinforcing layer 230 may be flat. More
specifically the surface of the support film 200 and the
surface of the first reinforcing layer 230 have substantially
same heights with each other so the surface of the support
film 200 and the surface of the first reinforcing layer 230
have no step diflerence. As such, since the surface of the
support film 200 and the surface of the reimnforcing layer 230
formed in the groove 22 of the support film 200 have
substantially same heights with each other and the surface of
the support film 200 and the surface of the first reinforcing
layer 230 have no step difference, a step that 1s induced by
the difference between the support film 200 and the first
reinforcing layer 230 may not be visually recognized from
the outside.

The first groove 22 and the first reinforcing layer 230 are
disposed at both surfaces of the support film 200. The
support {ilm 200 may be a plastic or a thin metal film, and
the first reimnforcing layer 230 may be a polymer or a metal
thin film. The first reinforcing layer 230 may include a metal
ayer diflerent from that of the support film 200. The first
reinforcing layer 230 may be formed by coating or plating
a polymer or metal.

As described above with reference to FIG. 1, the second
width W2 of the second region 220, in which the first
reinforcing layer 230 1s formed, 1s greater than the first width
W1 of the bending region BA of the display device 1000. In
this manner, the bending process may be easily performed in
the bending region BA.

As such, i the display device and the support film
according to an exemplary embodiment, since the groove 1s
formed 1n the second region 220 of the support film 200
overlapping the bending region BA of the display device to
reduce the thickness of the support film 200, the reduced
stress applied to the support film 200 may cause the support
film 200 to be easily bent. Furthermore, by forming the
reinforcing layer 1n the groove to protect the support film
200, the support film 200 may be prevented from being
damaged when bent, and the support film 200 may firmly
support the display panel.

Hereinafter, a support film of a display device according
to another exemplary embodiment will be described with
reterence to FIG. 5. FIG. 5 1s a cross-sectional view of a
support film of the display device of FIG. 1 according to
another exemplary embodiment.

Referring to FIG. 5, similarly to the exemplary embodi-
ment described above, the support film 200 of the display
device according to the illustrated exemplary embodiment
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includes the first groove 22 overlapping the bending region
BA of the display device, and has a wider width than the
bending region BA. A second reinforcing layer 230a 1s
disposed 1n the first groove 22.

A thickness of the second reinforcing layer 230a 1s less
than a height (or depth) of the first groove 22. The second
reinforcing layer 230a may be formed by plating a metal
layer.

As such, i the display device and the support film
according to the illustrated exemplary embodiment, since
the groove 22 1s formed in the second region 220 of the
support film 200 overlapping the bending region BA of the
display device to reduce the thickness of the support film
200, the reduced stress applied to the support film 200 may
cause the support film 200 to be easily bent. Furthermore, by
forming the reinforcing layer 230a 1n the groove 22 to
protect the support film 200, the support film 200 may be
prevented from being damaged when bent, and the support
film 200 may firmly support the display panel.

Most of the features of the support film 200 of the display
device described above with reference to FIG. 1 to FIG. 4
are applicable to the support film 200 according to the
illustrated exemplary embodiment.

Heremaftter, a display device according to another exem-
plary embodiment will be described with reference to FIG.
6 and FIG. 7. FIG. 6 1s a perspective view of a display device
according to another exemplary embodiment, and FIG. 7 1s
a cross-sectional view illustrating a state of which the
display device of FIG. 6 1s bent.

Referring to FIG. 6 and FIG. 7, the display device
according to the illustrated exemplary embodiment 1s sub-
stantially similar to the display device described above with
reference to FIG. 1 and FIG. 2. As such, repeated descrip-
tions of substantially similar constituent elements will be
omitted to avoid redundancy.

The display device according to the illustrated exemplary
embodiment includes a display panel 100 and a support film
200 disposed below the display panel 100. The display
device includes the bending region BA, and the support film
200 1s disposed on a surface adjacent to the display panel
100. The support film 200 includes a second groove 22b
formed 1n the second region 220 overlapping the bending
region BA, and a third reinforcing layer 23056 1s formed in
the second groove 22b.

Unlike the exemplary embodiments described above, the
support {ilm 200 of the display device according to the
illustrated exemplary embodiment includes the second
groove 226 formed at one surface thereof, and the third
reinforcing layer 23056 1s formed 1n the second groove 22b.

The support film 200 may be a plastic or a thin metal {ilm,
and the third reinforcing layer 23056 may be a polymer or a
metal thin film. The third reinforcing layer 23056 may include
metal different from that of the support film 200.

Retferring to FIG. 7, the display device 1000 1s bent to
have a center R of a curvature radius closer to the support
film 200 than the display panel 100. The support film 200
includes the third reinforcing layer 23056 overlapping the
bending region BA, and the third reinforcing layer 2305 1s
disposed at one surface of the support film 200. The third
reinforcing layer 23056 1s disposed on a surface of the support
f1lm 200 that 1s relatively disposed far from the center of the
curvature radius R among both surfaces thereof. The third
reinforcing layer 2306 1s disposed to be adjacent to the
display panel 100.

Since the support film 200 1s disposed at a position
overlapping the bending region BA, and includes the second
region 220 with a relatively thin thickness, the support film
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200 may be easily bent in the bending region BA. In
addition, the support film 200 includes the third reinforcing
layer 23056 formed in the second region 220, which may
reinforce the support film 200 to prevent the support film
200 from being damaged when the support film 200 1s bent.

Hereinafter, a support film of a display device according

to an exemplary embodiment will be described 1n detail with
reference to FIG. 8. FIG. 8 1s a cross-sectional view of a
support film of the display device of FIG. 6 according to
another exemplary embodiment.

Referring to FIG. 8, the support film 200 1includes the first
region 210 having a relatively large first thickness T1, and
the second region 220 having a relatively small second
thickness T2. The second thickness T2 may be about %4 to
about 24 of the first thickness T1. By forming the second
thickness 12 of the second region 220 of the support film
200 to be about %4 to about 24 of the first thickness T1 of the

support film 200, the bending process in the bending region
may be easily performed, and the support film 200 may be
prevented from being damaged when bent.

The second groove 226 1s formed 1n the second region
220. As such, the second thickness T2 of the second region
220 1s less than the first thickness T1 of the first region 210,
in which a groove 1s not formed, because the second groove
22bH 1s formed in the second region 220.

The second groove 226 may be formed on the entire
surface of the second region 220 of the support film 200. The
second groove 22b may be formed on either one of both
surfaces of the support film 200, or may be formed on one
surface closer to the display panel 100.

The second groove 225 has a lateral surface forming a first
angle 01 with respect to the bottom surface thereof, and the
first angle 01 may be an obtuse angle. For example, the first
angle 01 may be about 135 degrees. Since the first angle 01
has an obtuse angle, the second groove 226 may have a
substantially trapezoidal shape, such that its width increases
from the bottom surface toward a top surface thereof.

The third reinforcing layer 2305 1s disposed in the second
groove 22b. As shown 1n FIG. 8, the third reinforcing layer
2306 according to an exemplary embodiment 1s formed to
{111 the second groove 225, thus the surfaces of the support
film 200 and the third reinforcing layer 23056 may be
substantially flat. More specifically the surface of the sup-
port film 200 and the surface of the third reinforcing layer
2306 have substantially same heights with each other so the
surface of the support film 200 and the surface of the third
reinforcing layer 2305 have no step difference. As such,
since the upper surface of the support film 200 and the upper
surface of the remforcing layer 2305 formed 1n the groove
22b of the support film 200 have substantially same heights
with each other and the upper surface of the support film 200
and the upper surface of the reinforcing layer 23056 have no
step difference, a step that 1s induced by the difference
between the support film 200 and the reinforcing layer 2305
may not be visually recognized from the outside.

The support film 200 may be a plastic or a thin metal film,
and the third reinforcing layer 2305 may include a polymer,
and may include a metal layer different from that of the
support film 200. The third reinforcing layer 2305 may be
formed by coating or plating a polymer or metal.

As described above with reference to FIG. 6, the second
width W2 of the second region 220, in which the third
reinforcing layer 2305 1s formed, 1s greater than the first
width W1 of the bending region BA of the display device
1000. By forming the second width W2 of the second region
220 greater than the first width W1 of the bending region BA
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of the display device 1000, the bending process in the
bending region BA may be easily performed.

As such, i the display device and the support film
according to an exemplary embodiment, since the groove
22b 1s formed 1n the second region 220 of the support film
200 overlapping the bending region BA of the display device
to reduce the thickness of the support film 200, the reduced
stress applied to the support film 200 may cause the support
film 200 to be easily bent. In addition, since the reinforcing
layer 23056 1s formed in the groove 225 to protect the support
film 200, the support film 200 1s prevented from being
damaged when bent, and the support film 200 may firmly
support the display panel.

Hereinatter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 9. FIG. 9 1s a cross-sectional view of a
support film of the display device of FIG. 6 according to
another exemplary embodiment.

Referring to FIG. 9, similarly to the exemplary embodi-
ments described above, the support film 200 of the display
device according to the 1llustrated exemplary embodiment 1s
provided with the second groove 2256 overlapping the bend-
ing region BA of the display device, and has a greater width
than the bending region BA. A fourth reinforcing layer 230¢
1s formed 1n the second groove 225.

A thickness of the fourth remnforcing layer 230c¢ 1s less
than a height (or depth) of the second groove 22b. The fourth
reinforcing layer 230c¢ may be formed by plating a metal
layer.

As such, i the display device and the support film
according to the illustrated exemplary embodiment, since
the groove 2256 1s formed 1n the second region 220 of the
support {ilm 200 overlapping the bending region BA of the
display device to reduce the thickness of the support film
200, the reduced stress applied to the support film 200 may
cause the support film 200 to be easily bent. In addition, by
forming the remnforcing layer 2305 in the groove 226 to
protect the support film 200, the support film 200 may be
prevented from being damaged when bent, and the support
film 200 may firmly support the display panel.

Most of the features of the support film 200 according to
the exemplary embodiments described above with reference
to FIG. 6 to FIG. 8 are applicable to the support film 200
according to the illustrated exemplary embodiment.

Heremnaftter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 10. FIG. 10 1s a cross-sectional view of a
support film of a display device according to another exem-
plary embodiment.

Referring to FIG. 10, the support film 200 of the display
device according to the illustrated exemplary embodiment
includes the first region 210 having a relatively large first
thickness 11, and the second region 220 having a relatively
small second thickness T2. The second thickness 12 may be
about 12 to about %4 of the first thickness T1. By forming the
second thickness 12 of the second region 220 of the support
film 200 to be about %2 to about 24 of the first thickness T1
of the support film 200, the bending process 1n the bending
region may be easily performed, and the support film 200
may be prevented from being damaged when bent.

The support film 200 of the display device according to
the 1llustrated exemplary embodiment includes a third
groove 22¢ overlapping the bending region BA. The third
groove 22¢ has a bottom surface and a lateral surface
forming a second angle 02 with respect to the bottom
surface. The second angle 02 may be an acute angle and may
be, for example, about 45 degrees or less. As such, the third
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groove 22¢ includes a lateral surface forming the second
angle 02 (which 1s an acute angle) with respect to the bottom
surface, thus a width of the third groove 22¢ may be
decreased from the bottom surface toward the top surface
thereof.

A fifth reinforcing layer 2304 1s formed 1n the third groove
22¢ of the support film 200. The fifth reinforcing layer 2304
1s formed to fill the third groove 22c¢, thus surfaces of the
support film 200 and the fifth reinforcing layer 2304 may be
substantially flat. More specifically the surface of the sup-
port {ilm 200 and the surface of the fifth reinforcing layer
2304 have substantially same heights with each other so the
surface of the support film 200 and the surface of the fifth
reinforcing layer 2304 have no step difference. As such,
since the upper surface of the support film 200 and the upper
surface of the fifth reinforcing layer 2304 formed 1n the third
groove 22¢ of the support film 200 have substantially same
heights with each other and the upper surface of the support
film 200 and the upper surface of the fifth reinforcing layer
2304 have no step difference, a step that 1s induced by the
difference between the support film 200 and the fifth rein-
forcing layer 2304 may not be visually recognized from the
outside.

The support film 200 may be a plastic or a thin metal film,
and the fifth reinforcing layer 2304 may include a polymer,
or may include a metal layer different from that of the
support film 200. The fifth reinforcing layer 2304 may be
formed by coating or plating a polymer or metal.

As described above with reference to FIG. 1, the second
width W2 of the second region 220, in which the fifth
reinforcing layer 2304 1s formed, 1s greater than the first
width W1 of the bending region BA of the display device
1000. By forming the second width W2 of the second region
220 greater than the first width W1 of the bending region BA
of the display device 1000, the bending process in the
bending region BA may be easily performed.

As such, 1n the display device and the support film of the
illustrated exemplary embodiment, since the groove 22c¢ 1s
formed 1n the second region 220 of the support film 200
overlapping the bending region BA of the display device to
reduce the thickness of the support film 200, the reduced
stress applied to the support film 200 may cause the support
film 200 to be easily bent. In addition, by forming the
reinforcing layer 2304 1n the groove 22¢ to protect the
support film 200, the support film 200 1s prevented from
being damaged when bent, and the support film 200 may
firmly support the display panel.

Most of the features of the display devices and the support
films according to the exemplary embodiments described
above with reference to FIG. 1 to FIG. 4 are applicable to the
support film 200 according to the illustrated exemplary
embodiment.

Hereinafter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 11. FIG. 11 1s a cross-sectional view of a
support film of a display device according to another exem-
plary embodiment.

Referring to FIG. 11, similarly to the exemplary embodi-
ments described above, the support film 200 of the display
device according to the illustrated exemplary embodiment

includes a third groove 22¢ overlapping the bending region
BA of the display device, and has a greater width than the
bending region BA. A sixth reinforcing layer 230e 1s formed
in the third groove 22c¢.

10

15

20

25

30

35

40

45

50

55

60

65

12

A thickness of the sixth reinforcing layer 230e¢ 1s less than
a height (or depth) of the third groove 22c¢. The sixth
reinforcing layer 230e¢ may be formed by plating a metal
layer.

As such, 1n the display device and the support film 200 of
the 1llustrated exemplary embodiment, since the groove 22¢
1s formed in the second region 220 of the support film 200
overlapping the bending region BA of the display device to
reduce the thickness of the support film 200, the reduced
stress applied to the support film 200 may cause the support
film 200 to be easily bent. In addition, by forming the
reinforcing layer 230e¢ in the groove 22¢ to protect the
support film 200, the support film 200 1s prevented from
being damaged When bent, and the support film 200 may
firmly support the display panel.

Most of the features of the display devices and the support
films described above with reference to FIG. 1 to FIG. 4 are
applicable to the support film according to the illustrated
exemplary embodiment.

Heremaftter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 12. FIG. 12 1s a cross-sectional view of a
support film of a display device according to another exem-
plary embodiment.

Referring to FIG. 12, similarly to the exemplary embodi-
ments described above, the support film 200 of the display
device according to the illustrated exemplary embodiment
includes a fourth groove 22aa overlapping the bending
region BA of the display device, and has a greater width than
the bending region BA. A seventh reinforcing layer 230aa 1s
formed on an entire surface of the fourth groove 22aa and
the support film 200.

As such, the support film 200 of the display device
according to the 1llustrated exemplary embodiment includes
the seventh reinforcing layer 230aa formed on the entire
surface of the support film 200, as well as 1n the fourth
groove 22aa. Since the support film 200 overlaps the bend-
ing region BA and includes the second region 220 having a
relatively small thickness, the display device may be easily
bent. In addition, the seventh reinforcing layer 230aa 1s
formed on the entire surface of the support film 200 to
reinforce the support film 200, and thus, the support film 200
may be protected from damages that may occur when
display device 1s bent.

Most of the features of the display devices and the support
films according to the exemplary embodiments described
above with reference to FI1G. 1 to FIG. 4 are applicable to the
support film according to the illustrated exemplary embodi-
ment.

Heremnafiter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 13 and FIG. 14. FIG. 13 is a perspective
view ol a support film of a display device according to
another exemplary embodiment, and FIG. 14 1s a cross-

sectional view taken along line XIV-XIV' of a display device
of FIG. 13.

Referring to FIG. 13 and FIG. 14, the support film 200 of
the display device according to the illustrated exemplary
embodiment 1s provided with a plurality of grooves 23a,
23b, and 23¢ formed 1n the second region 220 corresponding
to the bending region BA. The plurality of grooves 23a, 235,
and 23c¢ include a fifth groove 234, a sixth groove 235, and
a seventh groove 23c¢, which are spaced apart from each
other. The sixth groove 2356 1s disposed at a central portion
of the second region 220, and the fifth groove 23a and the
seventh groove 23¢ are disposed at opposite sides of the
sixth groove 23b. A number of sixth grooves 235 may be




US 11,288,986 B2

13

greater than a number of fifth grooves 23a and a number of
seventh grooves 23c¢. As such, a larger number of sixth
grooves 23b are formed at the central portion of the second
region 220 corresponding to the bending region BA, which
may reduce stress on the central portion of the bending
region BA, thereby causing the bending process to be easily
performed.

Due to the plurality of grooves 23a, 235, and 23¢, an
average thickness of the second region 220 of the support
film 200 1s less than a thickness of the remaining region of
the support film 200.

A plurality of reinforcing layers 240a, 24056, and 240c¢ are
formed 1n the plurality of grooves 23a, 23b, and 23c,
respectively. By forming the plurality of reinforcing layers
240a, 2405, and 240c¢ 1n the plurality of grooves 23a, 235,
and 23c, the damage to the display device from bending the
second region 220 corresponding to the bending region BA
may be prevented.

According to the 1llustrated exemplary embodiment, the
thicknesses of the plurality of reinforcing layers 240a, 24056,
and 240c¢ formed in the plurality of grooves 23a, 235, and
23¢ are substantially the same as heights (or depth) of the
plurality of grooves 23a, 235, and 23c¢, and thus, surfaces of
the support film 200 and the plurality of reinforcing layers
240a, 2400, and 240c¢ are substantially flat. More specifi-
cally, the surface of the support film 200 and the surfaces of
and the plurality of reinforcing layers 240a, 2405, and 240c¢
have substantially same heights with each other so the
surface of the support film 200 and the surfaces of and the
plurality of reinforcing layers 240a, 2405, and 240c¢ have no
step difference. As such, since the upper surface of the
support film 200 and the upper surfaces of the plurality of
reinforcing layers 240a, 2405, and 240c¢ formed in the
plurality of grooves 23a, 23b, and 23c¢ of the support film
200 have substantially same heights with each other and the
upper surtace of the support film 200 and the upper surfaces
of the plurality of reinforcing layers 240a, 2405, and 240c¢
have no step diflerence, a step that 1s induced by the
difference between the support film 200 and the plurality of
reinforcing layers 240a, 24056, and 240¢ may not be visually
recognized from the outside.

According to an exemplary embodiment, the thicknesses
of the plurality of reinforcing layers 240a, 2405, and 240c
may be less than the heights (or depths) of the plurality of
grooves 23a, 23b, and 23c.

Since the support film 200 includes the plurality of
grooves 23a, 236, and 23c¢ and the plurality of reinforcing
layers 240a, 2405, and 240¢ formed 1n the second region 220
corresponding to the bending region BA, the average thick-
ness of the support film 200 corresponding to the bending
region BA may be reduced to reduce the stress applied
thereto during bending, which may cause the bending to be
casily performed, as well as preventing the support film 200
from being damaged when bent.

Unlike the support films of the display devices according
to the exemplary embodiments described above, the support
film 200 of the display device according to the illustrated
exemplary embodiment includes the plurality of grooves
23a, 23b, and 23¢ formed 1n the second region 220 with a
relatively small thickness, and the plurality of reinforcing
layers 240a, 2406, and 240c formed in the plurality of
grooves 23a, 23b, and 23c, respectively. As such, as com-
pared to when the grooves and the reinforcing layers are
formed on the entire surface of the second region 220 of the
support film 200, since the support film 200 of the display
device includes the plurality of grooves 23a, 235, and 23c¢
and the plurality of reinforcing layers 240a, 2405, and 240c,

10

15

20

25

30

35

40

45

50

55

60

65

14

a position of the second region 220 may be prevented from
being visually recognized from the outside due to a thick-
ness difference of the support film 200.

FIGS. 13 and 14 show that the plurality of grooves 23a,
23b, and 23c¢ and the plurality of reinforcing layers 240aq,
2400, and 240¢ are formed 1n only one surface of the support
film 200, however, the mventive concepts are not limited
thereto. For example, the plurality of grooves 23a, 235, and
23¢ and the plurality of reinforcing layers 240a, 2405, and
240¢ may be formed 1n both surfaces of the support film 200.

Except for the plurality of grooves and the plurality of
reinforcing layers, most of the features of the support films
of the display devices according to the exemplary embodi-
ments described above are applicable to the support film of
the display device according to the illustrated exemplary
embodiment.

Heremaftter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 15. FIG. 15 1s a perspective view of a
support film of a display device according to another exem-
plary embodiment.

Referring to FIG. 15, the support film of the display
device according to the 1llustrated exemplary embodiment 1s
similar to the support film of the display device shown 1n
FIG. 13 and FIG. 14.

Referring to FIG. 15, the support film 200 of the display
device according to the 1llustrated exemplary embodiment 1s
provided with a plurality of grooves 24a, 24b, and 24c
formed in the second region 220 corresponding to the
bending region BA. The plurality of grooves 24a, 24b, and
24¢ 1nclude an eighth groove 24a, a ninth groove 245, and
a tenth groove 24¢, which are spaced apart from each other.
The eighth groove 24q, the ninth groove 245, and the tenth
groove 24c¢ are spaced apart from each other, and numbers
of the eighth groove 24qa, the ninth groove 245, and the tenth
groove 24¢ may be substantially the same.

Due to the plurality of grooves 24a, 24b, and 24c¢, an
average thickness of the second region 220 of the support
f1lm 200, 1n which the plurality of grooves 24a, 245, and 24c¢
are formed, 1s less than a thickness of the remaining region
of the support film 200.

A plurality of reinforcing layers 250a, 2505, and 250c¢ are
formed 1n the plurality of grooves 24a, 24b, and 24c,
respectively. By forming the plurality of reinforcing layers
250a, 2506, and 250¢ 1n the plurality of grooves 24a, 245,
and 24c¢, the damage to the display device from bending the
bending of the second region 220 corresponding to the
bending region BA of may be prevented.

Thicknesses of the plurality of reinforcing layers 230a,
25056, and 250c¢ formed 1n the plurality of grooves 24a, 245,
and 24c¢ are substantially the same as heights (or depths) of
the plurality of grooves 24a, 245, and 24c¢, and thus, surfaces
of the support film 200 and the plurality of reinforcing layers
250a, 250b, and 250c¢ may be substantially flat. More
specifically the surface of the support film 200 and the
surfaces the plurality of reinforcing layers 250a, 2505, and
2350¢ have substantially same heights with each other so the
surface of the support film 200 and the surfaces of the
plurality of reinforcing layers 250a, 2505, and 250¢ have no
step difference. As such, since the upper surface of the
support film 200 and the upper surfaces of the plurality of
reinforcing layers 2350q, 2505, and 250c¢ formed in the
plurality of grooves 24a, 24b, and 24c¢ of the support film
200 have substantially same heights with each other and the
upper surtace of the support film 200 and the upper surfaces
of the plurality of reinforcing layers 250a, 25056, and 2350c
have no step difference, a step that i1s induced by the
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difference between the support film 200 and the plurality of
reinforcing layers 250a, 25056, and 250¢ may not be visually
recognized from the outside.

According to an exemplary embodiment, the thicknesses
of the plurality of reinforcing layers 250a, 25056, and 250c¢
may be less than the heights (or depths) of the plurality of
grooves 24a, 24b, and 24c.

Since the support film 200 includes the plurality of
grooves 24a, 24b, and 24¢, and the plurality of reinforcing
layers 250a, 2505, and 250¢ formed 1n the second region 220
corresponding to the bending region BA, the average thick-
ness of the support film 200 corresponding to the bending
region BA may be reduced to reduce the stress applied
thereto when bent. As such, 1t 1s possible to easily perform
the bending process, as well as preventing the support film
200 from being damaged when bent.

Unlike the support films of the display devices according
to the exemplary embodiments described above, the support
f1lm of the display device according to the illustrated exem-
plary embodiment includes the plurality of grooves 24a,
24b, and 24c¢ formed in the second region 220 with a
relatively small thickness, and the plurality of reinforcing
layers 250q, 2506, and 250c formed in the plurality of
grooves 24a, 24b, and 24c.

As such, as compared to when the grooves and the
reinforcing layers are formed on the entire surface of the
second region 220 of the support film 200, since the support
film 200 of the display device according to the illustrated
exemplary embodiment includes the plurality of grooves
24a, 24b, and 24c¢ and the plurality of reinforcing layers
250a, 2505, and 250c¢, a position of the second region 220
may be prevented from being visually recognized from the
outside due to a thickness difference of the support film 200.

FIG. 15 shows that the plurality of grooves 24a, 24b, and
24¢ and the plurality of reinforcing layers 250a, 2505, and
250c¢ are formed 1n only one surface of the support film 200,
however, the inventive concepts are not limited thereto. For
example, the plurality of grooves 24a, 24b, and 24¢ and the
plurality of reinforcing layers 250a, 2505, and 250¢ may be
formed 1n both surfaces of the support film 200.

Except for the grooves and the reinforcing layers, most of
the features of the support films of the display devices
according to the exemplary embodiments described above
are applicable to the support film 200 of the display device
according to the illustrated exemplary embodiment.

Hereinafter, a support film of a display device according
to another exemplary embodiment will be described with
reference to FIG. 16. FIG. 16 1s a perspective view of a
support film of a display device according to another exem-
plary embodiment.

Referring to FIG. 16, the support film of the display
device according to the illustrated exemplary embodiment 1s
similar to the support films of the display devices shown 1n
FIG. 13 and FIG. 14 or 1in FIG. 15.

The support film 200 of the display device according to
the illustrated exemplary embodiment 1s provided with a
plurality of grooves 25a, 255, and 25¢ formed 1n the second
region 220 corresponding to the bending region BA. The
plurality of grooves 25a, 25b, and 25¢ 1nclude an eleventh
groove 23a, a twellth groove 2556, and a thirteenth groove
25¢, which are adjacent to each other. The eleventh groove
2354, the twellth groove 255, and the thirteenth groove 25¢
may have a rhomboidal shape, and may be substantially
uniformly formed over the entire surface of the second
region 220 of the support film 200.

Due to the plurality of grooves 25a, 25b, and 25¢, an
average thickness of the second region 220 of the support

5

10

15

20

25

30

35

40

45

50

55

60

65

16

film 200, 1n which the plurality of grooves 25a, 255, and 25¢
are formed, 1s less than a thickness of the remaining region
of the support film 200.

A plurality of reinforcing layers 260a, 2605, and 260c¢ are
formed in the plurality of grooves 25aq, 25b, and 23c,
respectively. By forming the plurality of reinforcing layers
260a, 2600, and 260c¢ 1n the plurality of grooves 25a, 255,
and 25¢, the damage to display device may be prevented
when the second region 220 corresponding to the bending
region BA 1s bent.

Thicknesses of the plurality of reinforcing layers 260a,
260b, and 260¢ formed 1n the plurality of grooves 25a, 255,
and 25c¢ are substantially the same as heights (or depths) of
the plurality of grooves 25a, 255, and 25¢, and surfaces of
the support film 200 and the plurality of reinforcing layers
260a, 260b, and 260c may be substantially flat. More
specifically the surface of the support film 200 and the
surfaces the plurality of reinforcing layers 260a, 2605, and
260¢ have substantially same heights with each other so the
surface of the support film 200 and the surfaces of the
plurality of reinforcing layers 260a, 2600, and 260c¢ have no
step difference. As such, since the upper surface of the
support film 200 and the upper surfaces of the plurality of
reinforcing layers 260a, 2605, and 260c¢ formed in the
plurality of grooves 25a, 25b, and 25¢ of the support film
200 have substantially same heights with each other and the
upper surface of the support film 200 and the upper surfaces
of the plurality of reinforcing layers 260a, 2605, and 260c
have no step difference, a step that 1s induced by the
difference between the support film 200 and the plurality of
reinforcing layers 260a, 2605, and 260c may not be visually
recognized from the outside.

According to an exemplary embodiment, the thicknesses
of the plurality of reinforcing layers 260a, 26056, and 260c¢
may be less than the heights of the plurality of grooves 25a,
25b, and 25c.

Since the support film 200 includes the plurality of
grooves 25a, 256, and 25¢ and the plurality of reinforcing
layers 260a, 2605, and 260¢ formed 1n the second region 220
corresponding to the bending region BA, the average thick-
ness of the support film 200 corresponding to the bending
region BA may be reduced to reduce the stress applied
thereto when bent. As such, it 1s possible to easily perform
the bending, as well as preventing the support film 200 from
being damaged when bent.

Unlike the support films of the display devices according
to the exemplary embodiments described above, the support
film 200 of the display device according to the illustrated
exemplary embodiment includes the plurality of grooves
23a, 25b, and 25¢ formed 1n the second region 220 with a
relatively small thickness, and the plurality of reinforcing
layers 260a, 2606, and 260c formed in the plurality of
grooves 25a, 25b, and 25c¢.

As such, as compared to when the grooves and the
reinforcing layers are formed on the entire surface of the
second region 220 of the support film 200, since the support
film 200 of the display device according to the illustrated
exemplary embodiment includes the plurality of grooves
25a, 25b, and 25¢ and the plurality of reinforcing layers
260a, 2605, and 260c¢, a position of the second region 220
may be prevented from being visually recognized from the
outside due to a thickness difference of the support film 200.

FIG. 16 shows that the plurality of grooves 25a, 255, and
25¢ and the plurality of reinforcing layers 260q, 2605, and
260c¢ are formed 1n only one surface of the support film 200,
however, the inventive concepts are not limited thereto. For
example, the plurality of grooves 25a, 255, and 25¢ and the
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plurality of reinforcing layers 260a, 2605, and 260c may be
formed 1n both surfaces of the support film 200.

Except for the grooves and the reinforcing layers, most of
the features of the support films of the display devices
according to the exemplary embodiments described above
are applicable to the support film 200 of the display device
according to the illustrated exemplary embodiment.

Hereinafter, a manufacturing method of a support film of
a display device according to an exemplary embodiment will

be described with reference to FIG. 17 to FIG. 19 together
with FIG. 3. FIG. 17 to FIG. 19 are schematic views for
explaining a manufacturing method of a support film of a
display device according to an exemplary embodiment.

Referring to FIG. 17, the groove 22 1s formed in the
second region 220 of the support film 200, such that the
thickness 1n the second region 220 of the support film 200
becomes less than the thickness of the first region 210 of the
support film 200.

More particularly, the thickness of the second region 220
of the support film 200 may be reduced by pressing the
support film 200 using a roller 300, as shown i1n FIG. 18.
Alternatively, the groove 22 may be formed in the second
region 220 of the support film 200 by etching the surface of
the support film 200, as shown 1n FIG. 19.

When the groove 22 1s formed 1n the second region 220
of the support film 200, the reinforcing layer 230 may be
formed 1n the groove 22 as shown in FIG. 3. The reinforcing
layer 230 may be formed by stacking or plating polymer or
metal thin films.

As such, after the groove 22 and the reinforcing layer 230
are formed 1n the support film 200, as shown in FIG. 1, the
support film 200 provided with the groove 22 and the
reinforcing layer 230 1s attached to the display panel 100.

According to the manufacturing method of the display
device and the support film of the illustrated exemplary
embodiment, the groove 22 1s formed in the second region
220 of the support film 200 overlapping the bending region
BA of the display device to reduce the thickness of the
support film 200. In this manner the stress applied to the
support film 200 may be reduced to be easily bent. In
addition, by forming the reinforcing layer in the groove 22
to protect the support film 200, the support film 200 may be
prevented from being damaged when bent, and the support
film 200 may firmly support the display panel.

According to the exemplary embodiments of the present
invention, a display device may be easily bent, and the
supporting {ilm may support a bending region of the display
device so that a display panel to prevent damages when bent.

Although certain exemplary embodiments and implemen-
tations have been described herein, other embodiments and
modifications will be apparent from this description.
Accordingly, the imnventive concepts are not limited to such
embodiments, but rather to the broader scope of the
appended claims and various obvious modifications and
equivalent arrangements as would be apparent to a person of
ordinary skill 1n the art.

What 1s claimed 1s:
1. A support film for a display device to support a display
panel of the display device, comprising:

a 1irst region having a first thickness and a second region
having a second thickness less than the first thickness;

a groove formed 1n the second region; and

a remforcing layer formed 1n the groove,

wherein:

the reinforcing layer 1s disposed in the second region
without overlapping the first region;
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at least one of the support film and the reinforcing layer
comprises metal; and
the groove and the reinforcing layer are disposed on each
ol opposing surfaces of the support film.
2. The support film of claim 1, wherein surfaces of the
support {illm and the reinforcing layer are substantially flat.
3. The support film of claim 1, wherein:
the support film comprises a plastic or the reinforcing
layer comprises a polymer.
4. The support film of claim 1, wherein:
a plurality of the grooves 1s formed 1n the second region;
and
the reinforcing layer 1s disposed in each of the grooves.
5. The support film of claim 1, wherein the second
thickness 1s about /1;2 to 24 of the first thickness.
6. The support film of claim 1, wherein:
the groove has a bottom surface and a lateral surface
connected to the bottom surface; and
an angle between the bottom surface and the lateral
surface 1s an obtuse angle.
7. The support film of claim 1, wherein:
the groove has a bottom surface and a lateral surface
connected to the bottom surface; and
an angle between the bottom surface and the lateral
surface 1s an acute angle.
8. A display device comprising:
a display panel comprising a bending region; and
a support film overlapping the display panel,
wherein:
the support film comprises a first region having a first
thickness and a second region having a second thick-
ness less than the first thickness:;
the second region overlaps the bending region;
the support film has a groove formed 1n the second region;
and
a reinforcing layer disposed 1n the groove,
wherein:
the reinforcing layer i1s disposed in the second region
without overlapping the first region;
at least one of the support film and the reinforcing layer
comprises metal; and
the groove and the reinforcing layer are disposed on each
ol opposing surfaces of the support film.
9. The display device of claim 8, wherein surfaces of the
support {ilm and the reinforcing layer are substantially flat.
10. The display device of claim 8, wherein:
the support film comprises a plastic or the reinforcing
layer comprises a polymer.
11. The display device of claim 8, wherein:
a plurality of the grooves 1s formed 1n the second region;
and
the reinforcing layer 1s disposed 1n each of the grooves.
12. The display device of claim 8, wherein a width of the
second region 1s greater than a width of the bending region.
13. The display device of claim 8, wherein the second
thickness 1s about Y2 to %4 of the first thickness.
14. The display device of claim 11, wherein:
the second region has a middle portion and side portions
interposing the middle portion; and
a number of the grooves formed 1n the middle portion 1s
greater than a number of the grooves formed 1n one of
the side portions.
15. The display device of claim 11, wherein:
the second region has a middle portion and side portions
interposing the middle portion; and
a number of the grooves formed in each portion 1s
substantially the same with each other.
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16. A manufacturing method of a display device, com-
prising;:

forming a groove 1n a first region of a support film;

forming a remnforcing layer in the groove; and

attaching the support film to a display panel, 5

wherein the first region of the support film has a thickness

less than remaining areas of the support film not
disposed with the groove,

wherein the remforcing layer 1s disposed in the second

region without overlapping the remaining areas, 10
wherein at least one of the support film and the reinforcing
layer comprises metal, and

wherein the groove and the reinforcing layer are disposed

on each of opposing surfaces of the support film.

17. The manufacturing method of claim 16, wherein the 15
groove 1s formed by a pressing process using a roller.

18. The manufacturing method of claim 16, wherein the
groove 1s formed by etching the support film.

19. The manufacturing method of claim 16, wherein the
reinforcing layer 1s formed by stacking polymer or metal 20
materials.

20. The manufacturing method of the display device of
claim 16, wherein forming the reinforcing layer 1s performed
by plating a metal matenal.
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